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OEM MANUAL - INTRODUCTION 


This manual is intended to provide information to the OEM 
customers of Chromaticst Incorporated^ concernina the internal 
details of the CGC 7900 Color Graphics Computer System. The 
information contained in this manual should be considered 
proprietary in nature. It is provided solely to aid our OEM 
customers in interfacina to the end-user. 


This manual should be used in conjunction with the CGC 7900 
Operator"' s Manual. The Operator"' s Manual aives more detailed 
information about the 7900 system software. 


While the information 
accurateT no auarantees 
to make product chanaes 


in this document is believed to be 
are made. Chromatics reserves the riaht 
at any time. 
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CGC 7900 HARDWARE OVERVIEW 


The CGC 7900 is a self-contained computer system. It is capable 
of extremely hish-resol ut ion color sraphics displays. The 7900 
Central Processins Unit (CPU) uses the MC66000 microprocessor. 
The system may be equipped uiith a hard disk and two floppy 
diskSf a light pen* Joystick* and several Megabytes of memory 
for images and programs. 


The chassis contains a motherboard with 12 or 24 card 
connectors. The lower portion of the chassis houses the digital 
electronics* and the upper portion contains the analog 
circuitry. Power supplies and the hard disk drive are mounted 
in the bottom of the chassis. Six fans mounted below the card 
cage ventilate the chassis. The system is mounted on casters 
for easy transportation. 


The analog chassis contains a high— resol ut i on* 19— inch color 
Cathode Ray Tube (CRT). The (jRT is treated with a long 
persistence phosphor* to minimize the problem of interlace 
flicker. All high voltages are present only in the analog 
chassis. 
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CPU CARD 


-The GGC 7900 Central Processins Unit (CPU) card contains the 
MC68000 microprocessor* which can directly address 16 Mesabvtes 
of memory. This card senerates most of the control sisnals used 
by the processor to^ control memory. 


The CPU card contains 4K bytes 
optionally be replaced by CMOS 
backup supply on this card. 
Real-Time Clock* also located on 


of static memory. This may 
memory* powered bv a battery 
The CMOS option includes a 
the CPU card. 


All input/outPut interface hardware in the standard 7900 system 
is found on the CPU card. This includes the keyboard* Joystick* 
disk* bezel keys* and two serial ports. I/O is connected to the 
CPU card by edse connectors on the back of the card. Each of the 
I/O interfaces is discussed in a separate section of this manual. 


A Prosrammable Sound Generator is installed on the CPU card. It 
may be operated bv the CGC system prosrams or by user programs. 
It connects to a speaker* below the keyboard* on the chassis 
front. A Quiet Lock key on the keyboard disables the speaker. 
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EPROM/ RASTER PROCESSOR CARD 


EPROM sockats on this card ar« addrassed from 800000 to 80FFFF. 
T ha EPROMs must ba 2532 tvpa <32K bits)» 350 nanosaconds or 
fastar. Saa tha "Mamorv Mas" section of this manual for 
prosrammins raaui raments. 


Tha Rastar Processor is a bipolar circuit» microprosrammad to 
perform an address translation function in tha 7900 svstem. 
This device assists tha MC63000 in movins pixels on tha imasa 
mamorv screen. 


This card also contains bus terminators which decrease noise on 
tha motherboard. Because of tha extremal v hish processor speeds* 
<up to 8 MHz)* these terminators are verv important in the 7900 
SYS tern. 


V 
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BUFFER MEMORY CARDS 


The 7900 contains one or more Buffer Memorv cards. Each card 
holds 128K bvtes of dynamic RAM for system memory re*»uirements 
and user prosrams. The first card is addressed at zero* and 
other cards are usually addressed on 128K boundaries above zero. 


Each card stores a. parity bit for each byte of data stored. 
Parity is stored with each write* and checked with each read. 
If a parity error is detected the card will assert a low level 
on the parity error line of the bus. If the parity flip— flop is 
enabled* this will interrupt the 68000 processor. Systems which 
use the parity checkins feature must write data to ALL buffer 
memory when the system is Powered-up* or risk a parity error if 
a location is read that was not previously written. 


IMAGE MEMORY CARDS 


Up to 16 Imase Memory cards* or planes* may be installed in the 
7900. The number of planes determines how many simultaneous 
colors may be displayed in the hish-resol ut ion Bitmap memory. 
Typical systems will contain 1* 4* 8 or 16 Imase planes. 


Each plane may be accessed throush several addressins modes. 
These are discussed under "Imase Memory" in the Memory Map 
section of this manual. Because of the varied addressins modes* 
a plane misht respond to addresses anywhere between AOOOOO and 
EIFFFF. 
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COC 7900 MEMORY MAP 


Th« ¥*rocessor in th« COC 7900 is capable of directly addressing 
over i6 Meeabvtes of memorYr usine a 24-bit address bus. The 
addressins ranse is OOOOOO to FFFFFF <hex>. Chromatics reserves 
the upper half of this space» beainnina at 800000 <hex>. 


The lower half of the 7900 address space will normally contain 
one or more Buffer Memory cards. Each card contains 128K bytes 
of dynamic RAM. The first card must be located at address 
OOOOOO— IFFFFF (the first 128K of memory) to provide the 
processor with room for interrupt vectors. The remainder of 
this cardt Plus any other Buffer Memory cards which may be 
installed* is allocated among various system functions* 
and user programs. 


The "Thaw" command allocates memory amona inPut/outPut buffers* 
stacks* the Create Buffer* function key buffers* etc. If 
battery-powered CMOS RAM (optional) is installed in your system* 
the parameters set up by “Thaw" will be remeipbered and used to 
allocate memory next time the system is power^ed up. If CMOS RAM 
is not present* memory will be allocated according to defaiilt 
parameters in PROM. 
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EPROM 


Svst am EPROM baains at addrass 800000. Tha Raster Processor 
card contains EPROM for tha standard svstam. Space is provided 
for 32K words <64K bYtas)» addressed from 800000 to 80FFFF, The 
card will accomodate Motorola 2532-035 EPROMs (or equivalent)' 
which have access times of 350 nanoseconds or faster. 


2532 EPROMs are capable of storina 32K bits of data* am'^anaed as 
4K of 8— bit bYtas, Since the 68000 fetches all instr«ctions as 
16— bit words* two 2532s must be accessed simul tanaousl y for each 
instruction fetch. This requires that data in the 2532s be 
separated into ''odd" bYtas and "even'' bYtes. Each 4K of words 
in EPROM thus requires two 2532s» one containina all the "odd" 
numbered bYtes in the proaram* and one containina all the "even" 
numbered bYtes. A total of 16 2532s maY be inserted in the’ 
sockets provided on the Raster Processor card. 


A special mappina is provided for convenience durina processor 
startup. When external Reset is applied* the 68000 fetches its 
stack pointer and proaram counter as two 32-bit words, from 
addresses 000000 and 000004* respect ivel y. The EPROM circuitrY 
maps addresses \8O^00^and 'EU50004 j into this space. Thus, the 
first two Iona words in EPROM^^^houl d contain the initial values 

of stack pointer add proaram counter. 

! ■ \ 
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IMAGE MEMORY 


Imase mamorv on tho CGC 7900 consists of from ono to sixteen 
Refresh Memorv cards. Each Refresh Memorv card» or plane* 
contains 128f< bvtes of dvnamic RAM. The bits on these planes 
are manipulated bv software to prod>ice hish-resol ution Bitmap 
imases. Then* the information in the planes is brought out 
throush the imase control losic and the Color Lookup Table* to 
produce an imase on the screen. 


-All areas of the memorv map designated as imase memorv are 
protected asainst Bus Errors. Resardless of the number of 
Planes installed in the imase memorv of a 7900 system* it is 
impossible to receive a Bus Error from imase memorv accesses. 


The CGC 7900 provides several wavs to address imase memorv 
Each of these methods is discussed in turn. 
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PLANE MODE 


In Plana mod«* aach ^lana of imasa mainorY is accassad as an 
indanandant 128K chunk of mamonv. Writina a bvta* word* or Iona 
uord into tha imasa mamorv in Plana moda will lurita only into 
that nlana. Plana moda addrassina is aauivalant to tha ‘uay 
mamory is addrassad in most comnu tar systamsv and is tha sama 
way that Buffar Mamory is addrassad in tha 7900. 


Plana moda addrassina baains at addrass COOOOO and ands at 
DFFFFF (hax). Each plana occupias 128K bytas. Tha planas ara 
numbarad from O to 15» althouah many systams will not hava all 
Planas installad. In particular* roost systams will ba 
confisurad in ona of tha f ol 1 ouiina ways: 


Total Planas In Systam Plana Numbars Assisnad 


1.. . ........... O 

4 0, 1*2*7 

8. . ........... .0 thru 7 

16 0 thru 15 


Plana 7 is normally assisnad for usa as tha ’’blink" plana* so it 
is important that a plana 7 axist in all but tha most basic 
systams. 
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MODE 


Z mode is one of the two special modes provided for ac cessing 
image memory planes. 


Consider the image memory to be arranged as a set of 16- planes* 
one in front of another. Each plane contains 1024 x 1024 bits* 
or 128K bytes. Each pixel on the screen is represented by a 
single bit from each of the 16 planes. Z mode allows the 
processor to write a 16-bit word to memory* and have each bit 
fall into the corresponding location of its plane. 


For example* consider an instruction to write the first pixel in 
image memory (the upper left corner of the screen): 


MOVE.W #PixelData* ZScreenStart 


Bit 0 of "Pixel Data” will be moved into the first bit of image 
plane O. Bit 1 will be moved into the first bit of image plane 
1* and so on. The Z mode hardware allows writing to individual 
bits* without the problem of modifying adjacent bits in each 
plane. 


Z mode addressing occupies a ful 1 2 Megabytes of the address 
space. It begins at address AOOOOO and ends at BFFFFF. Note 
that since only 768 lines of the image memory are visible at a 
time* the pixel addressed at BFFFFF is not normally visible. 
The last visible pixel of image memory is addressed at B7FFFF 
(assuming pan and zoom are not in effect). 


In Z mode* no assumptions are made concerning the number of 
Planes in a system. If a plane does 'not exist* any bits which 


should be written into that plane are simply thrown away. When 

reading back data in Z mode* any bits which should come from 
non-exiTtant^ be returned as logical highs* or ones. 'X. 


Z mode access to individual planes is restricted by Plane 
Select. Plane Select is a 16-bit latch* located at address 
E40012. If a bit of this latch is a one* the corresponding 
Plane is enabled. If a bit is zero* the plane is disabled. 
Disabled planes may not be written into using Z mode* and 
reading from them in Z mode will return a zero in the bit 
positions of the disabled planes. In this wav* non-existant 
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planes mav be masked usins Plane Select so that bits 
from them will be zeros. 


returned 
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COLOR STATUS MODE 


i^olor Status iRode i^rovidas a very fast wav to lurita color 
information into thi8;_ iw>aga mamorv Color Status occupies 
128K byt©s» the same area one imase plane occupies in Plane 
mode. Color Status mode is mapped from EOOOOO to EIFFFF. This 
is a ”uirite-onl y" area of memory. Attempts to read from this 
area will he sreeted with bytes of all FFs. 


Before usins Color Status mode^ it is necessary to load the 
Color Status Foreground and Background latches. Each of these 
contains a 16-bit number. Color Status Foreground is located at 
E40016» and Color Status Background is at E40018. Each of these 
should be loaded with the 16-bit quantity you would write into 
image memory if you were using Z mode addressing. For example^ 
if the foreground of the pattern you are writing requires color 
number 5» you would load the Color Status Foreground latch with 
5. Similarly* Color Status Background might be loaded with 
color number O. (These numbers refer to entries in the Color 
Lookup Table. ) 


After loading the latches* you may write to the Color Status 
area of memory. Each bit you write will affect a single pixel 
of the image* one bit in each of the 16 image planes. If you 
write a bit which is aV 1* the pixel will be written in 
f^-eground color* as defined" by the Color Status Foreground 
latch. If a bit is G* the pixel will be written in background 
color* defined by Color Status Background. 


For example! to make the first 32 pixels of the screen white* we 
might execute the following code. 


ForeG 

EQU 

♦E40016 

Foreground latch 


BackG 

EQU 

♦E40018 

Background latch 


Col Stat 

EQIJ 

♦EOOOOO 

Color Status mode 

starts here 


MOVE.W 

#7 * ForeG 

set UP FG Color Status 
(assume color 7 * white) 

WRITE 

MOVE.L 

#«FFFFFFFF* 

Col Stat write 32 

bits of ones 



The single instruction at label WRITE modifies the color of 32 
Pixels. The same operation would require 32 writes in Z mode* 
or 16 writes in Plane mode (to write all 16 planes). 
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Tha folTomin* axampla will uirita an alternatins serias of 32 rad 
and sraan p>ixals into tha first 32 pixals of tha scraan. 


MOVE.M #4»ForaO maka foraaround color * 4 

MOVE.W #2>BackG maka backaround color » 2 

(assuma 4 =■ rad» 2 * arean) 

MOVE.L #<AAAAAAAA»ColStat write altarnatina bits 

J'k 

Color Status mode allows writina bYtes» words « or Iona words* to 
modify 8» 16* or 32 Pixels* rasaact ival y. 


The imaaa memory planes are aroupad into two sets of 3 planes 
each. Each of these two sets may contain an imaae* and Plane 
Select is normally used to decide which of the two is written' 
into whan a 16— bit Z mode write is performed. When writina with 
Color Status* it may be useful to write both imaaes with the 
same color (otherwise one imaaa would be written with zeros). 
To prevent this problem from occurrina* always load the Color 
Status latches with the same number in the upper and lower 
bytes. Followina this rule* our first example above must be 
corrected to contain the statement 


MOVE.W #*0707*ForeG set up FG Color Status 

(assume color 7 * white) 


(Copvina the lower byte into the upper byte of the latch 
information.) 


V 
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COLOR LOOKUP TABLE 


'ha Color Lookup Tabla consists of 256 locations* aach of which 
lolds a 24-bit numbar. Eisht of thasa bits datarmina tha rad 
romponant of a color* aisht for araan* and aisht for blua. A 
>ixal in tha Bitmap ( imasa mamorv) is aivan a color bv summing 
:ha bits in uihichavar sat of 8 Planas is baing viawad (waightad 
iiinarY sum)* and tha rasulting valua points to an antrv in tha 
'olor Lookup Tabla. Tha color componants in that antrv of tha 
'olor Lookup Tabla provida tha color of that pixal. 


rha tabla is arrangad as 256 long words (IK bvtas)* starting at 
iddrass E30000. Each long word is organizad as follows: 


Bits 31-24 23-16 15-8 7-0 


FF ' 8-bit rad I 8— bit graan I 8-bit blua } 


Tha high bvta (bits 31-24) of aach antrv ara undafinad* so thav 
-ead out as FF hax. Tha naxt 8 bits sat tha rad intansitv* 
rollowad bv graan and blua. 


Tha Color Lookup Tabla mav ba raad or written at anv tima. 
/aluas written into tha table ara not used on tha screen until 
tha naxt vertical retrace* so it is not useful to write a single 
■•ntrv more than once per screen scan (1/60 second with 60 Hz 
»owar). Writing to tha Color Lookup Tabla at anv tima will not 
:aiise tha displav to “glitch." 
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COLOR LOOKUP TABLE ADDRESSES 


0 

E30000 

52 

E300DO 

104 

E301A0 

156 

E30270 

208 

E30340 

1 

E30004 

53 

E300D4 

105 

E301A4 

157 

E30274 

209 

E30344 

2 

E30008 

54 

E300D3 

106 

E301A8 

153 

E30278 

210 

E30348 

3 

E3000C 

55 

E300DC 

.107 

E301AC 

159 

E3027C 

211 

E3034C 

4 

E30010 

56 

E300E0 

103 

E301B0 

160 

E302S0 

212 

E30350 

3 

E30014 

57 

E300E4 

109 

E301B4 

161 

E30284 

213 

E30354 

6 

E30018 

58 

E300E8 

110 

E301B8 

162 

E30288 

214 

E30358 

7 

E3001C 

59 

E300EC 

111 

E301BC 

163 

E3028C 

215 

E3035C 

8 

E30020 

60 

E300F0 

112 

E301C0 

164 

E30290 

216 

E30360 

9 

E30024 

61 

E300F4 

113 

E301C4 

165 

E30294 

217 

E30364 

10 

E30028 

62 

E300F8 

114 

E301C8 

166 

E30298 

218 

E30368 

11 

E3002C 

63 

E300FC 

115 

E301CC 

167 

E3029C 

219 

E3036C 

12 

E30030 

64 

E30100 

116 

E301D0 

168 

E302A0 

220 

E30370 

13 

E30034 

65 

E30104 

117 

E301D4 

169 

E302A4 

221 

E30374 

14 

E30038 

66 

E30103 

118 

E301D8 

170 

E302A8 

222 

E30378 

15 

E3003C 

67 

E3010C 

119 

E301DC 

171 

E302AC 

223 

E3037C 

16 

E30040 

68 

E30110 

120 

E301E0 

172 

E302B0 

224 

E303S0 

17 

E30044 

69 

E30114 

121 

E301E4 

173 

E302B4 

225 

E30384 

18 

E30048 

70 

E301 18 

122 

E301E8 

174 

E302B8 

226 

E3038S 

19 

E3004C 

71 

E3011C 

123 

E301EC 

175 

E302BC 

227 

E303SC 

20 

E30050 

72 

E30120' 

124 

E301F0 

176 

E302C0 

228 

E30390 

21 

E30054 

73 

E30124 

125 

E301F4 

177 

E302C4 

229 

E30394 

22 

E30058 

74 

E30128 

126 

E301F8 

178 

E302C.8 

230 

E30398 

23 

E3005C 

75 

E3012C 

127 

E301FC 

179 

E302CC 

231 

E3039C 

24 

E30060 

76 

E30130 

123 

E30200 

180 

E302D0 

232 

E303A0 

25 

E30064 

77 

E30134 

129 

E30204 

181 

E302D4 

233 

E303A4 

26 

E30068 

78 

E30138 

130 

E30208 

182 

E302n8 

234 

E303A8 

27 

E3006C 

79 

E3013C 

131 

E3020C 

183 

E302DC 

235 

E303AC 

28 

E30070 

80 

E30140 

132 

E30210 

184 

E302E0 

236 

E303B0 

29 

E30074 

81 

E30144 

133 

E30214 

185 

E302E4 

237 

E303B4 

30 

E30078 

82 

E30148 

134 

E30218 

186 

E302ES 

238 

E303PS 

31 

E3007C 

83 

E3014C 

135 

E3021C 

187 

E302EC 

239 

E3038C 

32 

E30080 

84 

E30150 

136 

E30220 

188 

E302F0 

240 

E303C0 

33 

E30084 

85 

E30154 

137 

E30224 

189 

E302F4 

241 

E303C4 

34 

E30088 

86 

E30158 

138 

E30228 

190 

E302F8 

242 

E303C8 

35 

E3008C 

87 

E3015C 

139 

E3022C 

191 

E302FC 

243 

E303CC 

36 

E30090 

38 

E30160 

140 

E30230 

192 

E30300 

244 

E303n0 

37 

E30094 

89 

E30164 

141 

E30234 

193 

E30304 

245 

E303D4 

38 

E30098 

90 

E30168 

142 

E30238 

194 

E3030S 

246 

E303D8 

39 

E3009C 

91 

E3016C 

143 

E3023C 

195 

E3030C 

247 

E303DC 

40 

E300A0 

92 

E30170 

144 

E30240 

196 

E30310 

248 

E303E0 

41 

E300A4 

93 

E30174 

145 

E30244 

197 

E30314 

249 

E303E4 

42 

E300A8 

94 

E30178 

146 

E30248 

’198 

E30318 

250 

E303E3 

43 

E300AC 

95 

E3017C 

147 

E3024C 

199 

E303tC 

251 

E303EC 

44 

E300B0 

96 

E30180 

148 

E30250 

200 

E30320 

252 

E303F0 

45 

E300B4 

97 

£30184 

149 

E30254 

201 

E30324 

253 

E303F4 

46 

E300B8 

98 

E30188 

150 

E30258 

202 

E30328 

254 

E303F8 

47 

E300BC 

99 

E301SC 

151 

E3025C 

203 

E3032C 

255 

E303FC 

48 

E300C0 

100 

E30190 

152 

E30260 

204 

E30330 



49 

E300C4 

101 

E30194 

153 

E30264 

205 

E30334 



50 

E300C8 

102 

E30198 

154 

E30268 

206 

E30338 



51 

E300CC 

103 

E3019C 

155 

E3026C 

207 

E3033C 



52 

E300D0 

104 

E301A0 

156 

E30270 

208 

E30340 
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OVERLAY MEMORY ADDRESSING 


hie Overlay consists of 4080 character cellsv arransied 85 eer 
ine and 48 lines. Each cell is addressed as a Ions word (32 
its). The Overlay is mapped from addresses E38000 to E3BFBC. 


ach cell of the Overlay uses 19 of the 32 bits allocated for it. 

O o "t; ^ ■> (*’ 

(9 1 ■ • 

! c. 

) \ 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 J6 



i FR! FGI FBI ASCII or Plot Dot character ! 





CUR Places a cursor in the cell if SET 

BLK blinks the foreeround character in the cell if SET 
VF makes the foresround visible if SET (else transparent) 

VB makes the background visible if SET (else transparent) 

PL uses bits 0-7 as FL_OI DOT ^de^cjpipjt&r if SET ( e 1_^ „ ASCJLI > 

BR turns on Red in background if SET 
BG turns on Green in background if SET 
BB turns on Blue in background if SET 

FR turns on Red in foreground if SET 
FG turns on Green in foreground if SET 
FB turns on Blue in background if SET 
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Bits 0-7 ara intarpreted in a number otufavsx 


If PL is CLEAR* implYina ASCII characters* bits 0—6 are used to 
select an ASCII character. If bit 7 is CLEAR* the character 
will he taken from the standard ASCII character ROM. If bit 7 
is SET* the character will be taken from the alternate character 
set ROM. 


If PL is SET* imelYins Plot Dots* each of the bits 0—7 is used 
to turn a Plot Dot on or off. The dots in each character cell 
are arranged as follows* 


5 M*..* { j. 

! O 14 ! 



The Plot Dots above are numbered to correspond with the bits 
which control them. If a bit is SET* the Plot Dot associated 
with that bit will be in foresround color* as determined bv FR* 
FG and FB. If a bit is CLEAR* the associated Plot Dot will be 
in backeround color* determined bv BR* BG and BB. 
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OVERLAY CHARACTER CELL ADDRESSES 


n« No. 

First Cell 

Last Cell 

1 

E38000 

E3S150 

2 

• • • • E38154. m m m m i 


3 

E382A8 

E383F8 

4...... 

.... E383FC 


5 

E38550 

E386A0 

6 

. . . .E386A4 


7 

E387F8 

E38948 

e 

E3894C 


9 

E38AA0 

E38BF0 

10 

. . . .E38BF4 


11 

E38D48 

E38E98 

12 

. . . .E38E9C 


13 

E38FF0 

E39140 

14 

. . . .E39144 


15 

E39298 

E393E8 

16 

E393EC 


17 

E39540 

E39690 

18 

. . . .E39694 


19 

E397E8 

E39938 

20 

E3993C 


21 

E39A90 

E39BE0 

22 

. . . .E39BE4 


23 

E39D38 

E39E88 

24 

. . . .E39E8C. 

E39FDC 

25 

E39FE0 

E3A130 

26 

. . . .E3A134 


27 

E3A2S8 

E3A3D8 

28 

. . . .E3A3DC 


29 

E3A530 

E3A680 

30 

.... E3A6S4 ..... 


31 

E3A7D8 

E3A928 

32 

.... E3A92C. .... 


33 

E3AA80 

E3ABD0 

34 

... .E3ABD4 


35 

E3AD28 

E3AE78 

36 

. . . .E3AE7C. . . . . 


37 

E3AFD0 

E3B120 

38 

. . . .E3B124 


39 

E3B278 

E3B3C8 

40 

. . . .E3B3CC 

E3B51C 

41 

E3B520 

E3B670 

42 

. . . .E3B674 


43 

E3B7C8 

E3B918 

44. 

....E3B91C 


45 

E3BA70 

E3BBC0 

46 

. ...E3BBC4 


47 

E3BD18 

E3BE68 

48. . . . . . 

.... E3BE6C ..... 
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HARDWARE LATCHES AND CMOS/STATIC RAM 


he area of memorv from E40000 to E40FFF serves several 
urposes. First* the CPU card contains 4K bvtes of memory at 
hese addresses. .This will either be static RAM <2114) or CMOS 
AM <6514). CMOS is only installed if your system contains the 
ptional battery backup supply* which allows the CMOS to store 
nformation while system power is off. 


econd* several system features use hardware latches mapped onto 
he same addresses as RAM. Writins to any of these addresses 
ill write into both RAM and the latch. Reading from the 
ddress will not affect the latch* but RAM will respond with the 
roper information. 


f CMOS RAM is installed* the procedure for configuring these 
atches at powei — up is simple: Read the RAM and write the data 
ack into the same address. This will cause the latches to 
esume the state they had when the CMOS RAM was last written. 


Address Function 

E40000 Bitmap Roll Counter 

E40002 X Pan 

E40004 Y Pan 

_ E40006. ...... X and Y Zoom 

E40008 Unused < reserved) 

^E4000A Used 

E4000C By 

E4000E. .Raster Processor 

E40010 Blink Select 

E40012 Plane Select 

E40014 Plane Video Switch 

E400i6. ...... Col or Status For^ground- 

E40018 Color Status Background 

E4001 A. ...... Over 1 ay Roll Counter 


This area of memory is also the default area for user— defined 
function keys. Function key definitions are stored in the upper 
2K of this memory* so the definitions can be maintained by the 
battery-backed CMOS RAM <if installed). If the user requires 
more than 2K for his function key definitions* the function key 
buffer may be moved with the "Thaw" command. 
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BITMAP ROLL COUNTER 


Tha Bitmap Roll Countar is a 10~bit latch at address E40000 
Tha vaTua itorad in this latch is laft-shiftad bv 10 bits, an 
added (modulo 2*^20 ) to ANY address in the Z mode of Bitma 
memorv. durin* anv read, write, or screen refresh access to th 
Bitmap. This latch has the effect of determinins which phYsica 
set of RAM bits will be accessed bv addresses AOOOOO thru A003F 
(the top raster line of the Bitmap). 


Since the value in this latch is 
mode accesses to the Bitmap, 
transparent to the CPU. That is. 
read and write to AOOOOO as the 
Bitmap. 


added during all Z 
its function is 
the CPU can always 
first Pixel on the 


t 


This latch is useful for hardware scrolling the Bitmap. If th 
current Bitmap character height is N pixels. addins N to th 
Bitmap Roll Counter will have the effect of moving all pixels o 
the screen up N raster lines (one character line). Then th 
software need only erase the bottom line of the Bitmap. and th 
scrolling is complete. Scrolling down is accomplished b 
decrementing the Bitmap Roll Counter. 


The Bitmap Roll Counter is independent of the Y Pan register 
although both latches have the ability to cause the Bitmap imas 
to scroll UP and down. Altering the Y Pan register causes 
given point on the screen to have a different address in memory 
altering the Bitmap Roll Counter will never change the addres 
which corresponds to a given screen location (although it wil 
cause a different RAM chip to be associated with that location) 
See ”Y Pan.” 
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X PAN 


Na X Pan raaister is a 10-bit latch at addrass E40002. Tha 
alua in this latch is added (modulo 1024) to the screen refresh 
ddress counter as each line of the Bitmap is beins displayed on 
he screen. The X Pan resister has the effect of determining 
hare the left edse of the imase (the vertical column of pixels 
elou the pixel at AOOOOO) will appear on the screen. 


NOTE! The lowest 2 bits of the X Pan resistar are NOT 
significant. X Pan will only allow the image to be 
moved in increments of 4 Pixels. You must increment 
or decrement the X Pan register by at least 4. in 
order to altar the screen display. 


t is desirable to sync Pan to vertical retrace* so that 
1 taring the Pan registers (X Pan and Y Pan) will not cause 
tearing” of the image. 
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Y PAN 


Tha V Pan rasister- is a 10-bit latch at addrass E40004. Tha 
valua in this latch is laft-shiftad bv 10 bits* and addad 
(modulo 2-^20 1 to tha scraan rafrash addrass countar as aach lina 
of tha Bitmap is baina displayed on tha screen. The Y Pan 
raalstar has the affect of datarroinins where tha top adsa of tha 
imasa (the horizontal row of pixels addressed from AOOOOO to 
A003FF) will appear on tha screen. 


All 10 bits of tha Y Pan raaistar are significant. Since the 
lowest two bits of the X Pan rasistar are NOT significant* 
diagonal pan mav be accomplished bv incrementing both X Pan and 
Y Pan in steps of 4. 


The Y Pan register has an especial 1y important use. Recall that 
the screen only displays 768 lines* but there are actually 1024 
lines of pixels in the Bitmap memory. Incrementing the Y Pan 
register allows the remaining 256 lines to become visible. 
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X AND Y ZOOM 


hi« X and Y Zoom rasistars ara 
ord onarationst or individuaL 
oom is a 4-^i t, r^sistar at [l 
ssistar at iE40007^ 


!> addrassabla 
IIy bY 8-b i t 
E40006fc and 


tosathar bY 16--bi. t 
bYta omarations. 

Y Zoom is a 4-bi 


ha CGC 7900 partorms zoom bY pixal magnification. With no 
oom» tha X and Y Zoom rasistars ara both zaro* and aach pixal 
n memorY is rafrashad to tha scraan onlY onca. This providas 
he default conditions of 1024 pixels par horizontal line* and 
6.8 lines visible. If aach pixel in mamorY uias brought out to 
ha scraan twice? there would be room for onlY 512 of them on 
ach scraan line? this corresponds to an X Zoom factor of two? 
nd occurs whan the X Zoom register contains the value 1. 


f aach line of Pixels is brought out to the screen twice? aach 
dot" Placed on the screen would be twice as tall as before, 
here would then be room for onlY 384 lines of information? with 
ach line twice its previous height. This corresponds to a Y 
oom factor of two? and occurs whan the Y Zoom register contains 
he value 1. 


In general? the 4-bit contents of a Zoom register is 
one less than the current magnification factor. The 
highest magnification possible is 16 times? which- 
occurs when one of the Zoom registers contains the 
value 15. 


hen zoom is in affect? not all of the Pixels in memorv mar be 
iewed on the screen at a time. The X Pan and Y Pan registers 
etermine what area of the mamorv is viewed. Thev contain the 
ixel number on the line? and the line number? of the first 
ixel Placed on the screen. 


t is desirable to svnc zoom to vertical retrace? 

1 taring the Zoom registers will not cause "tearing" 
mage . 


so that 
of the 


^ X 
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BLINK SELECT 


Blink Salact is a 16-bit latch at address E40010# Each bit of 
th« latch corresponds to one of the 16 possible planes in Bitmap 
memorY» numbered 0 thru 15. 


If a bit in the latch is SET* the information from the 
correspondins plane is masked to zero and unmasked at a 1.9 
hertz rate. This causes a pixel containins that bit to chanse 
color numbers (point to a different color in the Lookup Table). 
The, Pixel then chanses colors at 1.9 hertz. 


If a bit in the latch is CLEAR* the information from the 
correspondins plane is not altered bY the Blink Select latch. 


NOTE* Blink Select should onlY be read or mritten 
usins word (16-bit) operations. 
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PLANE SELECT 


lane Select is a 16-bit latch at address E40012. Each bit of 
tie latch correponds to one of the 16 possible planes in Bitmap 
emorvt numbered O thru 15. 


lane Select controls Z mode access to the Bitmap planes. If a 
it in the latch is SET* the Z mode harduiare is allowed to read 
nd write information in that plane. 


f a bit in the latch is CLEAR* the Z mode hardware will not 
irite into the corresponding plane. Readins a pixel in Z mode 
till cause the correspondine plane to show up as a zero bit. 


NOTE: Plane Select should onlv be read or written 
using word (16-bit) operations. 



CGC 7900 


PreliminarY OEM Manual 


Pa»« 30 


PLANE VIDEO SWITCH 


Plana Video Switch is a 16-bit latch at address E40014. Each 
bit op the latch corresponds to one of the 16 possible planes in 
Bitmap memory* numbered O thru 15. 


Plane Video Switch determines 'which planes are allowed to feed 
the Color Lookup Table. If a bit in the latch is SET* the plane 
is enabled to feed the Lookup Table normal 1y. 


If a bit in the latch is CLEAR* the information in the plane is 
masked to zero before feedins to the Color Lookup Table. This 
restricts the total number of available colors in the system* 
Just as if a plane had been removed from the SYstem. 


NOTE* Only 8 planes at a time feed the Color Lookup 
Table. An imase may be composed of up to 3 planes* 
either plane numbers 0 thru 7* or numbers 3 thru 15. 
The Imase Select Switch (see "Overlay Roll Counter"! 
determines which set of 3 planes is beins viewed. 


NOTE* Plane Video Switch should only be read or 
written usins word <16-bit) operations. 
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COLOR STATUS FOREGROUND /BACKGROUND 


olor Status Forasround is a 16-bit latch at addrass E40016. 
:olor Status Backsround is a 16-bit latch at address E40018. 
iach of these contains 16— bit aixal data* used uihen writins to 
he Bitmap memorr in Color Status mode (addresses EOOOOO thru 
IFFFF). 


^e "Imase Memory Addressing - Z Mode" for details on the use of 
rhese resisters. 
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OVERLAY ROLL COUNTER 


Tha Ovar lav Roll Countar is a latcfi at address E4001A. Tha low 
12 bits ara used for Ovarlav 5 crollins» and tha upaer 3 bits 
have special uses as discussed below. 


The Ovarlav is an area of memorv containins 4096 Ions words <32 
bits each). Of thaset 4080 ara visible on the screen at one 
time* arransed 83 horizontal I v bv 48 vertically. The low 12 
bits of tha Ovarlav Roll Counter decide which of these 4096 
locaHrions is considered as the first character cell of the 
Overlay* bv addins tha 12-bit value* modulo 4096* to anv address 
which tries to access memorv in the Overlay address space. 


Bv alterins the low 12 bits of tha Overlay Roll 
Counter* vou determine which Physical RAM location is 
addressed as the besinnins of the Overlay. As far as 
tha CPU is concerned* however* the first cell of the 
Overlay is always addressed at E38000. 


The Overlay Roll Counter is primarily useful for scroll ins. Bv 
addins 85 to tha lower 12 bits of the latch* the apparent effect 
is that every line of characters on the Overlay screen has moved 
UP one line. Then* the software need only erase the last line 
of tha Overlay (which is in a known location in memory) and 
scroll ins is complete. Scroll ins down is accomplished by 
subtractins 35 from the low 12 bits of the Overlay Roll Counter. 


It is not necessary to scroll a line at a time. If the low 12 
bits of the Overlay Roll Counter are incremented bv one* every 
character on the screen will move left one position. The 
characters at the besinnins of each line will move to the end of 
the previous line. The first character on the screen will move 
into the 16-cell area that is not visible. 
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IMAGE SELECT 


>it J3 of the Overlay Roll Counter <E4001A) is the Imase Select 
>uiitch. If CI.EAR^ Bitmap planes 0 thru 7 are selected as the 
mase to be displayed in Bitmap. If SET» planes 8 thru 15 are 
selected. 


OVERLAY CURSOR BLINK 


Sit 14 of the Overlay Roll Counter (E4001A) determines whether 
rhe Overlay cursor will blink. If SET » any Overlay character 
:ell with the c<jrsor bit on will contain a bl inkins cursor. If 
'LEAR» Overlay cursor <s) will not blink. 


Uverlay cursors are produced by hardware^ so their color is 
always white. 


OVERLAY CHARACTER BLINK 


Sit 15 of the Overlay Roll Counter <E4001A) determines whether 
the Overlay characters are allowed to blink. If SET » any 
Dverlay character cell with the blink bit on will blink 
(foresround color will blink to backsround > . If Cl.EAR> no 
characters in the Overlay will blink. 


If this bit is clear» the blink bits in each Overlay cell may be 
used for other purposes* such as a flas for protected fields on 
the screen. 
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I/O MAP 


eriph«ra1 input/output is mapped into the last 32K of 
esinnins at address FFSOOO. 


FF800X 

RS— 232 Serial Port 

FF804X 

RS--449 Serial Port 

FF808X 

Keyboard 


FF80CX 

Joystick 


FF810X 

Disk 


FF814X 

Bezel Switches 


FF818X 

Baud Rate Generator 

FF81CX 

Real Time Clock 


FFS20X 

Interrupt Mask 


FF824X 

Bus Chip Select 

1 

FF828X 

Bus Chip Select 

2 

FF82CX 

Bus Chip Select 

3 

FF830X 

Bus Chip Select 

4 

FF834X 

Bus Chip Select 

5 

FF838X 

Bus Chip Select 

6 

FF83CX 

Sound Generator 



meiTiorY» 



C-GC 7900 


Pr'«limin*^Y OEM Manual 


Pas*’ 36 


SERIAL PORTS 


Th* RS-232 and RS-449 s«ria1 intarfacas ara Tocatad on tha GPU 
card. Pariaharals connact to thasa ports throush standard 
D-tvpa connactors on tha back of tha CPU card. 


Tha RS~232 and RS-449 ports ara mappad identical Iv. Each is 
confiaurad uiith an Intel 325iA USART. 


RS-232 Serial Port 

Data rasistar* FFSOOl 

Control /Status resister* FF3003 


rS- 449 Serial Port 

Data resistars FF8041 

Control /Status rasistars FF.9043 


NOTES The sarial ports should be accessed onlv throush 
bYta (S— bit) operations. 


Tha user is referred to Intel literature for details on 
prosrammins tha 3251 A. 
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SERIAL PORT PINOUTS 

RS-232 (25-Pin connactor ) 


Pin # 

Signal 

Description 

2 

TxD 

Transmitted E(ata (output) 

3 

RxD 

Received Data (input) 

4 

RTS 

Repuest To Send (output) 

5 

CTS 

Clear To Send (input) 

6 

DSR 

Data Set Readv (input) 

7 

Gnd 

Signal Ground 

20 

DTR 

Data Terminal Readv (output) 


Other- pins are not connected in the 7900. 

RS-449 (37-Pin connector) 

Pin # Signal E<escription 

Send Data (outputs eauiv. to TxD) 

Receive Data (inputs eauiv. to RxD) 

Request to Send (outputs eauiv. to RTS) 

Clear to Send (inputs epuiv. to CTS) 

Data Mode (inputs epuiv. to DSR) 

Receiver Readv (outputs epuiv. to DTR) 

Test Mode (inputs epuiv. to DSR) 
Receiver Common (used for TM only) 


4 

SD-A 

22 

SD-B 

6 

RD-A 

24 

REf— B 

7 

RS-A 

25 

RS-B 

9 

CS-A 

27 

CS-B 

1 1 

DM-A 

29 

DM-B 

13 

RR-A 

31 

RR-B 

18 

TM 

20 

RC 


Other Pins are not connected in the 7900 
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INTERFACINO RS-232 AND RS-449 


Both RS— 232 and RS-449 ara specifications for i nterconnectins 
data equipment. Original Iv designed for connecting a terminal 
to a modem* these two "standards'* are now applied to 
interconnect a wide variety of data systems. 


RS— 449 is a more recent specification. It is designed to be 
upward compatible from RS-232* so that RS— 232 systems can 
interface to RS-449 with a simple wiring change. RS-449 allows 
much longer cable lengths between systems* as it employs 
balanced line drivers and receivers for greater noise immunity. 
RS— 449 also allows higher data rates* although the CGC 7900 
limits data rates to 19*200 baud (this insures compatibility 
between the RS-232 and RS-449 systems. > 


RS— 449 outputs may be fed to RS-232 inputs. The 
'•high" side of the RS-449 output driver should be 
connected to the RS-232 input receiver. The "low” 
side of the RS-449 output driver should be grounded. 
The "high" side is termed ”-A" in the pinout chart. 


RS— 232 outputs may be fed to RS-449 inputs. The 
RS-232 output driver should be connected to the "high" 
side of the RS— 449 input receiver. The "low" side of 
the RS-449 input receiver should be connected to 
RS-232 signal ground* Pin 7. 


In these configurations* RS-232 limits for cable 
length and data rate must be followed. Cable length 
should not exceed 50 feet. 
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BAUD RATE GENERATOR 


he 7900 uses a Motorola K1135A Dual Baud Rate Generator* 
arable of rroducins two independent clocks. One of these 
locks feeds the USART for the RS-232 serial port* the other 
eeds the RS-449 USART. The output freauencv of the Baud Rate 
enerator is 16 times the selected baud rate. The USARTs should 
e programmed to accept a 16x clock. 


his is a "write-onl y" area of memory* the contents of the BRG 
lav not be read. 


loth baud rates are set simul taneousl y bY an 6-bit byte written 
o the Baud Rate Generator* at address FF8J.81. The upper 4 bits 
letermine the RS-449 baud rate* and the lower 4 determine the 
l:S-232 baud rate* according to the following table. 


Baud Rate 4-hit Value 


50 0 

75 1 

110 2 

134.5 3 

150 4 

300 5 

600 6 


1200 7 

1800 8 

2000 9 


2400 A 

3600 B 

4800 C 

7200 D 

9600 E 

19200 F 


Example: to set the RS-449 port to 9600 baud* and the RS— 232 
port to 110 baud* do a 

MOVE . B #*E2 * *FF8 1 8 1 


NOTE: The Baud Rate Generator should be accessed only 
throufiih byte (8— bit) operations. 
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JOYSTICK 


Jovstlck data addrassess 


Xs FF80C2 
Ys FF80C4 
Z* FF80C8 


Tha Jovstick incorporatas a 10-bit anal oa— to— diaital convarter. 
Tha A— to— D can onlr convart ona axis of Jovstick data at a tima» 
and it raauiras approximatal v 25 microsaconds to parform a 
convarsion. 


Tha procadura for raadina a Joystick axis is as follows! Raad a 
word from tha addrass listad for tha dasirad axis. This salacts 
tha axis* and causas tha A-to-D to basin convarsion. Than. wait 
for convarsion to occur. You can tall lohan convarsion is 
complata bv raadins back bit 11 of tha SAME addrass. Or. simpiv 
wait for a tima intarval sreatar than 25 microsaconds- Whan 
convarsion is complata. raad back tha data. For axampla! 


MOVE.L #«FFS0C2.A0 point AO to X-axis 

LOOP MOVE.W (AO). DO salact tha axis and raad data 

BTST #11 .DO convarsion dona? 

BNE. S LOOP no. so wait 

ANDI.L #*3FF.D0 mask to 10 bits 


Whan this routina axits. DO contains valid data From tha 
Jovstick X-axis. 
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he address vnu read from has the effect of selecting which axis 
f analog data is sent to the A— to— D converter. However » 
eading_from anv of the addresses above will return output data, 
rom the A— to— D. Taking advantage of this fact» it is possible 
o read data from a previous conversion oihile beginning the next 
onversion. For example: 


MOVE . L #*FF80C2 , AO 

BSR WAIT 

MOVE . L #*FF80C4 , AO 
MOVE.W (AO), DO 

. . etc. . . 


point to X-axis 

wait for conversion (as above) 

point to V-axis 

read converted X— value, and 
also begin conversion of Y 


NOTE: Accessing anv addresses other than those listed 
above mav cause more than one axis to be 
simultaneously selected. The analog signals would be 
combined in unpredictable wavs. 


The Joystick has the capacity to produce an interrupt whenever 
It is moved in any of the three axes. If the Joystick interrupt 
)it is unmasked (in the Interrupt Mask register), moving the 
joystick "off top dead center" will cause an interrupt. The 
joystick continues to produce interrupts for as long as it is 
leld off center in any of the three axes. Interrupts occur at 
>ne of two rates. Slow (approx. 10 hertz) is the normal rate. 
3 y pressing the BEEEAI kev on the keyboard, the interrupt 
■•ate may be increased to approximately 50 hertz. 
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BEZEL SWITCHES 


Bazel Switch datas 


Raad (bvta) from FF8141 


Tha states of al 1 8 Bezel Switches are read simultaneously bv 
readine a byte from the Bezel Switch address. Bits 0 thru 7 
represent the condition of the 8 switches. 


Bezel Switch data is ACTIVE LOW. If a switch is depressed? the 
correspondine bit will be ZERO. 


Pressins any Bezel Switch will cause an interrupt if the proper 
bit is cleared in the Interrupt Mask resister. 
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INTERRUPT MASK 


ne Interrupt Mask is a 16— bit latch which determines what 
-iterrupts are passed through to the 6S000 processor. The Mask 
5 loaded bv a 16-bit Word written to address FF8200. This is a 
iirite-onlY" latch. Programs which modifY the Interrupt Mask 
hiould keep a copy of its contents in RAM. 


he following table describes which interrupt is affected bY 
ach bit in the Mask. If a bit is SET» interrupts are INHIBITED 
rom the corresponding device. 


Vector Addr. 

Mask Bit 

Device 

12C 


..Real Time Clock 

110 

1 

RS-449 Tx ReadY 

130 

.....2.... 

..BINT 2 <P1-100) 

IOC 

3 

RS-232 Tx ReadY 

108. ..... 

.....4.... 

. .Disk 

134 

5 

BINT 3 <P1-102) 

114 


. .Bezel KeYS 

128 

7 

KeYboard 

124 

.....8.... 

..RS— 449 Rx ReadY 

118 

9 

Light Pen <Pl-96) 

138 

....10.... 

..BINT 4 (Pl-104) 

104 

11 

JoYst i ck 

100 

....12.... 

..Vertical Retrace (P2-94) 

13C 

13 

BINT 5 <P1-106) 

lie... 


..BINT 1 (Pl-98) 

120 

15 

RS— 232 Rx ReadY 


the same 

information 

(organized bY vector addresses >s 

100. . 



104 

It 

Joystick 

108. . 



IOC 

3 

RS— 232 Tx ReadY 

no. . 



114 

6 

Bezel KeYS 

118. . 



lie 

14 

BINT 1 (Pl-98) 

120. . 



124 

8 

RS-449 Rx Ready 

128. . 



12C 

0 

Real Time Clock 

130. . 



134 

5 

BINT 3 (Pl-102) 

138.. 



13C 

13 

BINT 5 (Pl-106) 
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BUS INTERRUPTS (BINT) 

Five interrupt Tines are provided on the bus for peripherals to 
use. 


BINTl and BINT2 are in use bv the 7900 system or are reserved 
for future use. BINTS* BINT4 and BINTS are available for user 
peripherals. Each of these is pulled — up on the CPU card. User 
circuits should provide an open— col lector sate to pull down the 
line to eround when an interrupt is desired. The line must 
remain low until the interrupt is serviced bv the CPU. 


Signal Name 

Vector Address 

Bus Pin # 

Use 

BINTl 

lie 

PI -98 

System 

BINT2 

130 

Pl-100 

System 

BINTS 

134 

Pl-102 

User 

BINT4 

138 

Pl-104 

User 

BINTS 

13C 

Pl-106 

User 


When the interrupt is serviced* the processor will fetch the 
address of the interrupt service routine from the memory 
locations listed above. BINTs must be enabled and disabled 
through the Interrupt Mask Register. See the preceding page for 
mask bit assignments. 
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BUS CHIP SELECTS 


ix lines are provided on the SYstero bus for selectins SYStem 
nd user peripherals. Each of these lines will so LOW when the 
ppropriate block of inemorY is accessed. 


iCSl» BCS2 and BCS3 are in use bY the 7900 SYstem or are 
eserved for future use. BCS4» BCS5 and BCS6 are available for 
iser peripherals. It is sussested that the user completelY 
ecode the 1 ow 6 bits of the address? in order to make efficient 
ise of the available address space. 


i block of 64 memorY addresses is reserved for each Bus Chip 


Se 1 ect line, 
i^ach block. 

The 

table below lists 

the starting 

address 

for 

Sisnal Name 

Block Address 

Bus Pin # 

Use 


BCSl 


FF8240 

PI “73 

SYstem 


BCS2 


FF8280 

PI -76 

SYstem 


BCS3 


FF82C0 

PI -75 

SYstem 


BCS4 


FF8300 

Pl-78 

User 


BCS5 


FF8240 

PI -77 

User 


BCS6 


FF8280 

PI -80 

User 


Logic on the 

CPU 

card provides DTACK 

whenever BCS 

addresses 

are 

accessed? so 
signal . 

the 

user‘'s devices do 

not need to 

assert 

this 


All BCS lines assert VPA. This allows slow peripherals? such as 
MC6800 series devices? to use BCS lines for selection. 
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BCSl ADDRESSES 


Saveral SYStam periaharals are selected using the sianal BCSl. 
These are th# liaht aen* buffer memorY raritY functions* and 
SYnc Information (vertical and horizontal retrace timing). 


LIGHT PEN 


Enable Light Pen* Write (word) to FF8240 


Write a I to enable blue flood* or O to disable it. 


Writing to FF8240 will enable the light pen* or re-enable it 
from a previous ’’hit.” If bit O of the data written is CLEAR* 
the blue flood is disabled. If bit O is SET* touching the light 
pen will cause the Overlav to flood blue in areas which have the 
"Foreground Visible” bit set. After a hit* blue flood is 
disabled until explicitlY re-enabled. 


If blue flood is disabled* onlY bright blue or white areas of 
the screen will be able to cause a light pen hit. 


After an interrupt* read back the location of the hits 


X addressi FF8242 (0 <= X <= 1022) 

Y addresss FF8244 (O <= Y <= 766) 


Each address holds a iO-bit number* corresponding to the 
• absolute screen coordinates where the hit was detected. Bit 0 
of the number will alwavs be zero* so the effective'^ resolution 
of the light pen is 511 bv 333. 


NOTES Bits 15 through 10 of the hit location will 
float high* and be read back as ones! 


NOTES Light Pen addresses should be accessed onlY 
through word (16-bit) operations. 
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SYNC ADDRESSES 


;vncs 


Read (word) from FF824C 


111 sYnc information is available bv readins a word <16 bits) 
>om address FF824C. The bits reveal the foil ©wins information: 


Bit 0: Low durine vertical retrace 
Bit l: Interlace Flas 

Bit 2: Low during horizontal retrace 


^11 other bits float high. 


Sit 0 is low while the CRT beam is being blanked during vertical 
"■etrace. The falling edge of this bit coincides with the 
Falling edge of signal VERT <P2-94 on the bus)» and the Vertical 
Retrace interrupt* if enabled. 


Bit 1 is high during the first field of the interlaced display. 
Field one is the field containing the first visible line of the 
CRT. This bit is low during field two* the field containing the 
second 1 ine. 


Bit 2 is low while the CRT beam is being blanked during 
horizontal retrace. 
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BUFFER MEMORY PARITY 


Ghack for FaritY «rror» 


Read (word) from FF8246 


To check if a paritY error has been detected in a buffer memorY 
card* read a word <16 bits) from address FF8246. If bit O is 
low* it means one or more buffer memorY cards have sisnalled an 
error. 


ParitY flip— flops 


Write (word) to FF8248 


The paritY flip— flop is set or reset bY writins a word (16 bits) 
to address FF8248. Writins a one to this address sets the 
paritY flip-flop which senerates an immediate bus error. This 
is used for testins the bus error hardline software. The 
software must read the other paritY address to see if the bus 
error was a result of paritY* or other causes. 


To recover from a paritY error* the software must reset the 
paritY flip-flop bY writins a zero to FF8248. 


NOTES Each buffer memorY card has a Jumper which must 
be installed before paritY checkins will function. 


NOTES If ParitY checkins is enabled* the software 
should write into ALL buffer memorY when the SYstem is 
powered UP. Otherwise* if a prosram reads from a 
location that was not previouslY written into* a 
paritY error will result. 
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DISK PORT 


si'ta* 


Read/Write (word) at FF8100 


tatuss 


Read/Write (word) at FF8120 


t»a disk port communicates over 8 bidirectional data lines and 8 
ontrol lines. Hardware on the CPU card handles 16-bit data 
ransfers over the 8— bit port. 


he CGC 7900 disk interface was desisned to accomodate an 
ntellisent disk controller* the Data Technoloev Corporation 
403D. This controller uses a protocol which requires the 
ontrol ler to take the initiative in most exchanses of data, 
he CPU selects the controller* after which the controller asks 
■or its instructions. 


then the CPU wants to write data to the disk* it first selects 
he disk bv writins to FF8120. This sets Select low* and also 
ets Data Bit 0 low. This disk controller recosnises this and 
Lsserts Busy low. Assertins Bijsv immediate! v resets Select to 
he hish state. The controller will request instructions 
loncerning the tvpe of operation about to take place* and the 
-PU responds bv writins data. 


'he CPU writes its 16-bit data words to FF8100. This causes 
^cknowledse to so low. The disk controller sets Request hieh 
ind the hish-order (most sisnificant) brte is transferred to the 
lisk. When this first bvte is accepted bv the disk* it sets 
ieauest low asain and the low-order bvte is transferred. 
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When tha disk control T«r has data tor the CPUt or needs 
information from the CPU* it sets Messase low which initiates a 
CPU interrui»t. The CPU mav then read the status of the disk 
controller to determine what is required. Bits in the status 
resister are defined as follows* 


15 thru 6 5 4 3 2 1 O 


I unused 1 RDY* } BSY* { REQ* I MSG* I C*/D { I*/0 ! 


Bit 5 is Ready* which is low when the hardware has assembled a 
16-bit word for the CPU to read. Other bits are as defined in 
the pinout chart (see followins pase). 
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DISK PORT PINOUT 


hie disk connects to the CPU card at connector ''A”» the hottoiri 
onnector on the card. The follouiins table describes the 
isnals on this connector. Control lines are ACTIVE LOW it 
ndicated u/ith an asterisk <*). 


Pin No. 

Descri ption 

Direction 

1 

Data Bit 0 

Bidirectional 

2 

Data Bit 1 

Bidirectional 

3 

Data Bit 2 

Bidirectional 

4 

Data Bit 3 

Bidirectional 

5 

Data Bit 4 

Bidirectional 

6 

Data Bit 5 

Bidirectional 

7 

Data Bit 6 

Bidirectional 

8 

Data Bit 7 

Bidirect iona 1 

9 

Acknowledse* CPU to Disk 

10 

Reset* 

CPU to Disk 

11 

Select* 

CPU to Disk 

12 

Busy* 

Disk to CPU 

13 

Request* 

Disk to CPU 

14 

Messase* 

Disk to CPU 

15 

I* / 0 

Disk to CPU 

16 

17 

■ 

• 

26 

C* / D 

Ground 

11 

II 

It 

II 

Disk to CPU 


Reset* is an open-collector line. All other output lines are 
driven bv TTL bus drivers. All control inputs are' terminated on 
the CPU card bv 220/330 ohm resistor networks. 


I*/0 is used bv the disk to tell the CPU whether the next 
exchanse is to be an input or output. 


C*/D is used bv the disk to tell the CPU whether control or data 
information is to be exchansed. 
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REAL TIME CLOCK 

National Semiconductor MM581-&7 Real Time Clock mav optional 1y 
e i-nstalled in vour 7900 svatem. This device contains 
eaisters for months^ davs^ etc.? down to milliseconds. A set 
f latches mav also be proerammed to produce an interrupt at 
elected intervals. ' 


11 access to the Real Time Clock should be throuph bvte <8~bit) 
perations. The values transferred to and from the clock will 
e in the form of two BCD values* concatenated in an eieht-bit 
rvte. The following table describes what the upper and lower 4 
lits of each resister will contain. 


Hdress 



Contents. 



(bits 7—4 ) 

(bits 3-0) 

;■ : 


• FBI Cl 
T81C3 
■F81C5 

thousandths 

tenths 

tens 

hundredths 

units 

Seconds counters 

A ^ 

(0-9) 

( 00-99 ) 
( 00-59 ) 

■F81C7 

tens 

units 

Minutes counter 

( 00-59 ) 

-F81C9 

tens 

units 

Hours counter 

(00-23) 

-F81CB 


units 

Dav of Week counter 

( 1-7) 

-FBtCD 

tens 

units 

Dav of Month counter 

( 1-31 ) 

=F81CF 

tens 

units 

Months counter 

(1-12) 

FF81DI 

FF81D3 

FF81D5 

thoijsandths 

tenths 

tens 

hundredths 

units 

Seconds latches 


FF81D7 

tens 

units 

Minutes latch 


FF81D9 

tens 

units 

Hours latch 


FF8J.DB 


units 

Dav of Week latch 


FF81DD 

tens 

units 

Dav of Month latch 


FF8JDF 

tens 

units 

Months latch 
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Th« foil ouiin^ addresses in the Real Time Clock are used for 
command or status information (not BCD). 


FF31E1 

FF81E3 

FF81E5 

FF81E7 



interrupt status reeister 
interrupt control resister 

counter reset 
latch reset 

status bit 

"GO" command 

standbY interrupt 

test mode 


Writins to the "GO" address resets all counters from seconds to 
thousandths of seconds. 


j-'^^The status bit should be read after read ins 
\ The low bit of this data will be a one if 
I chansed durins the read, meanins the time 
l^read asain for valid data. 


anv time resister. 

the time resister 
resister should be 


The bits in the interrupt control and status resisters are 
defined as follows* 


Bit No. Function 


0 

1 

2 

3 

4 

5 

6 
7 


Comparator (latch esuals real-time) 

Every Tenth of a Second 

Every Second 

Every Minute 

Every Hours 

Every Day 

Every Week 

Every Month 
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5 anabla an interrupt at the specified rate* uirite a “1" into 
■>e corresponding bit of the interrupt control register. <You 
list also enable the Real-Time Clock interrupt in the Interrupt 
ask Register of the CPU.) To clear the interrupt* and discover 
hat bit caused it* read the interrupt status resister. 


he user is referred to National Semiconductor literature for 
urther details on prosrammins the MM58167. 
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PROORAMMABLE SOUND GENERATOR 


Th# 7900 uses a General Instruments AY-3-8910 Prosrammable Sound 
Generator (PSG). The PSG is located on the CPU card* a Ions with 
its associated amplifier circuitry. A volume control is also 
located on the CPU card. 


Address Function 

FFS3C1 Latch Address 
FF83C3 Read From PSG 
FF33C5 Write To PSG 


The PSG uses a multiplexed addressing system* which is not 
directly compatible with the MC68000 processor. It is necessary 
to perform two operations to write a value to the PSG* First 
tell it which resister you want to write into* then provide the 
data which soes in the resister. 


If desired* further values can then be entered into the same 
resister without performins the "Latch Address" function asain. 


Example of code to write "Value" to "Resister" in the PSG: 


MOVE.B #Resister* $FF83C1 tell it which resister 

MOVE.B #Value*$FF83C5 put the value in it 


All of the PSG resisters may be read* as well as written. It is 
necessary to perform the same sequence as for writins: latch the 
resister address (usins a write)* then read the resister (usins 
a read). 


NOTE: The PSG should be accessed throush byte (3-bit) 
operations only. 
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PROGRAMMING THE PSG 


Ne CGC 7900 feeds the PSG with a clock fre‘iuencY of 1/6 the 
ain SYStem clock fre«^uencY. In the standard 7900 SYstemt this 
rovides the PSG with a 1.780 Mesahertz clock. 


he freauencY of a tone from anY of the 3 analog outputs (A» B 
r C) is defined to be 

Ft « Fclk / (16*TP) 

here Ft is the fre®iuencY of the desired tone» Fclk is the PSG 
lock freauencY* and TP is the number which must be entered into 
he PSG Tone Period register to produce the desired freauencY. 
lolvins for TP» 

TP = 111250 / Ft 

■p is allowed to be up to a 12-bit number. The lower eisht bits 
ire entered into the Fine Tune register* and the upper four bits 
ire entered into the Coarse Tune register. 


The calculations for noise period are identical: 

NP = 111250 / Fn 

«Jhere Fn is the desired noise freguencv* and NP is the number 
lihich must be entered into the PSG Noise Period register. NP 


riav be up to a 5-bit number. 


Envelope period (the duration of 

Te = 256*EP /Fclk 

4here Te is the desired envelope 
the PSG clock frepuencY defined 
number which must be entered 
registers. Solving for EP» 


a tone) is defined to be 


duration (in seconds)* Fclk is 
above* and EP is the 16-bit 
into the PSG Envelope Period 


EP = Te * 6953 
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PSG REGISTERS 


Th« PSG contains 16 internal re3i5t«rsf each of which mav be 
accessed bv the Latch Address/Write to Resister procedure 
mentioned earlier. The resisters are defined as foil ouis* 


Resister # Purpose 

0 Fine Tune A(3bits) 

1 Coarse Tune A <4 bits) 

2 Fine Tune B (8 bits) 

3 Coarse Tune B (4 bits) 

4 Fine Tune C (8 bits) 

5 Coarse Tune C (4 bits) 

6 Noise Period <5 bits) 

7 Output Enable (active low) 

8 A Amplitude <5 bits) 

9 B Amplitude (5 bits) 

10 C Amplitude (5 bits) 

11 Envelope Period Fine (8 bits) 

12 Envelope Period Coarse (8 bits) 

13 Envelope Shape/Cvcle Control <4 bits) 

14 not used 

15 not used 
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one and/or noise are enabled bv resister 7s 

7 6 5 4 3 2 1 0 


: X ! X ! An : Bn : Cn ! At ! Bt ! Ct 


I losic zero on anv of the *’n" bits enables noise from that 
hannel. A losic zero on anv of the "t” bits enables tone from 
hat channel. Unused channels are turned off by uiritins losic 
ines in the desired bits. 


fesisters 8» 9 and 10 control the output amplitudes: 

7 6 5 4 3 2 1 0 


! X ! X ! X ! A ! manual level Ctrl ! 


^ losic one in bit 4 specifies the channel •'s amplitude to be 
rontrolled by the envelope senerator (Auto mode). If bit 4 is a 
!ero» the amplitude is fixed by the value in bits 0-3. 


rhe envelope senerator is controlled by resister 13s 
7 6 5 4 3 2 1 0 


! X ! X ! X ! X Jcont Jattk I altJholdl 


Bits 0—3 describe the envelope with "continue*" "attack*" 
"alternate*" and "hold." See General Instruments literature for 
the envelope waveforms. 


The followins table provides values which may be ‘entered into 
the Tune resisters (A* B or C> to produce the musical notes 
shown. Please note that the siven values are approximations 
which best fit the required frequencies for each note. It is 
necessary to divide up each value and load the low 6 bits into 
the Fine Tune resister* and the upper eisht bits into the Coarse 
Tune resister. 
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Note 

Fre^i 

Dec. 

Hex 

Note 

Fre^. 

Dec, 

C 

1 

32.7 

3402 

0D4A 

C 

5 

523.2 

213 

C# 

1 

34.6 

3211 

0C8B 

C# 5 

554.4 

201 

D 

1 

36,7 

3031 

0BD7 

D 

5 

587.3 

189 

0# 

1 

38.9 

2861 

0B2D 

D# 5 

622.3 

179 

E 

1 

41.2 

2700 

0A8C 

E 

5 

659.3 

169 

F 

1 

43.7 

2548 

09F4 

F 

5 

698.5 

159 

F# 

1 

46.2 

2405 

0965 

F# 5 

740 

150 

G 

1 

49 

2270 

03DE 

G 

5 

734 

142 

G# 

1 

51.9 

2143 

085F 

G# 5 

330.6 

134 

A 

1 

55 

2023 

07E7 

A 

5 

880 

126 

A# 

1 

58.3 

1909 

0775 

A# 5 

932.3 

119 

B 

1 

61.7 

1802 

070 A 

B 

5 

987.3 

113 

C 

2 

65.4 

1701 

06A5 

C 

6 

1046.5 

106 

C# 

2 

69.3 

1605 

0645 

C# 6 

1108.7 

100 

0 

2 

73,4 

1515 

05EB 

D 

6 

1174.7 

95 

D# 

2 

77.8 

1430 

0596 

0# 6 

1244.5 

89 

E 

2 

82.4 

1350 

0546 

E 

6 

1313.5 

84 

F 

2 

87.3 

1274 

04FA 

F 

6 

1396.9 

80 

F# 

2 

92.5 

1203 

04B3 

F# 6 

1480 

75 

G 

2 

98 

1135 

046F 

G 

6 

1568 

71 

G# 

2 

103.8 

1072 

0430 

G# 6 

1661.2 

67 

A 

2 

110 

1011 

03F3 

A 

6 

1760 

63 

A# 

2 

116.5 

955 

03BB 

A# 6 

1864.6 

60 

B 

2 

123.5 

901 

0385 

B 

6 

1975.5 

56 

C 

3 

130.8 

850 

0352 

C 

7 

2093 

53 

C# 

3 

138.6 

803 

0323 

C# 7 

2217.5 

50 

D 

3 

146.8 

753 

02F6 

D 

7 

2349.3 

47 

D# 

3 

155.6 

715 

02CB 

D# 7 

2489 

45 

E 

3 

164.8 

675 

02A3 

E 

7 

2637 

42 

F 

3 

174.6 

637 

027D 

F 

7 

2793.8 

40 

F# 

3 

185 

601 

0259 

F# 7 

2959.9 

38 

G 

3 

196 

568 

0238 

G 

7 

3135.9 

35 

G# 

3 

207.7 

536 

0213 

G# 7 

3322.4 

33 

A 

3 

220 

506 

OlFA 

A 

7 

3520 

32 

A# 

3 

233. 1 

477 

OIDD 

A# 7 

3729.3 

30 

B 

3 

246.9 

451 

01 C3 

B 

7 

3951 

28 

C 

4 

26 1.6 

425 

01A9 

C 

8 

4186 

27 

C# 

4 

277.2 

401 

0191 

C# 8 

4434.9 

25 

0 

4 

293.7 

379 

01 7B 

D 

3 

4698.6 

24 

D# 

4 

311 . 1 

358 

0166 

D# 8 

4973 

22 

E 

4 

329.6 

338 

0152 

E 

8 

5274 

21 

F 

4 

349.2 

319 

013F 


3 

5587 .6 

20 

F# 

4 

370 

301 

012D 

F# 8 

5919.9 

19 

G 

4 

392 

284 

Otic 

G 

8 

6271.9 

18 

G# 

4 

415,3 

268 

OlOC 

G# 3 

6644.9 

17 

A 

4 

440 

253 

OOFD 

A 

8 

7040 

16 

A# 

4 

466. 2 

239 

OOEF 

A# 3 ■ 

7458.6 

15 

B 

4 

493.9 

225 

OOEl 

B 

8 

7902.1 

14 
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Hex 

00D5 
00C9 
OOBO 
00B3 
00A9 
009F 
0096 
008E 
0086 
007E 
0077 
0071 
006A 
0064 
005F 
0059 
0054 
0050 
004B 
0047 
0043 
003F 
003C 
0038 
0035 
0032 
002F 
002D 
002A 
0028 
0026 
0023 
0021 
0020 
00 IE 
00 1C 
001 B 
0019 
0018 
0016 
0015 
0014 
0013 
0012 
0011 
OOlO 
OOOF 
OOOE 
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KEYBOARD 


he CGC 7900 contains an intelligent keyboards with its own 8035 
li croprocessor . The CPU communicates to the keyboard processor 
iver a 12-bit data bus>» 8 bits ot which are bidirectional. The 
nterface is asynchronous* each processor will interrupt the 
ther when it has something to sar. 


Ihen a key is pressed? the keyboard processor determines an 
f-bit code to transmit. Most of these are 7-bit ASCII codes? 
fxcept the labeled keys on the top of the keyboard produce 
ipecial 8— bit codes which the CPU software must interpret. The 
11? M2? CTRL and SHIFT modifiers are used by the keyboard 
►rocessor to modify the transmitted code. These four keys are 
lIso brought out to the 12— bit data bus? so that the CPU can 
‘ead them directly if necessary. 

"he keyboard processor next presents the data to the CPU? and 
itrobes the Key Strobe line on the keyboard bus. Keyboard 
interface logic on the' CPU card sets the Host Acknowledge line 
ow to indicate that data has not yet been accepted by the CPU. 
Jhen the CPU services the Key Strobe interrupt? the Host 
Acknowledge line is set high once again. The CPU services a Ke'v' 
Strobe interrupt by reading a word (16 bits) from address FF8080. 


Jhen the CPU wishes to modify the keyboard lights? it must write 
:o the keyboard address. After writing to the keyboard lights 
mce? the CPU must wait for data to be accepted before writing 
igain. This requires waiting approximately 100 microseconds 
between writes to the keyboard lights. 


NOTE* After the keyboard processor has accepted data 
for the lights? it will strobe the Key Strobe line on 
the CPU card. This pulse is "intercepted" by the 
keyboard interface logic on the CPU card and does not 
actually generate a CPU interrupt. 
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Savaral kavs on tha keyboard eroduce speciaV functions* 


RESET provides an active- low output directly to the CPU card» to 
reset the entire system. This is independent of the keyboard 
processor, ■ 


QUIET LOCK is an alternate action key» sivins a high or Tow 
output to the CPU card. The 7900 uses this to enable and 
disable the speaker. This is independent of the keyboard 
processor. 


ALPHA LOCK is an alternate action key which modifies the 
alphabetic ASCII characters produced by the typewriter area of 
the keyboard. When UP» alpha characters are normally upper 
case* and SHIFT modifies them to lower case. When DOWN* alpha 
keys are normally lower case and SHIFT modifies them to upper* 
case. This is under control of the keyboard processor. 


A1 1 keys on the keyboard are two— key rollover* except the cursor 
movement (arrow) keys. These four are N-key rollover* and 
produce uniaue codes when two are pressed simultaneously. When 
properly interpreted by the CPU, these uniaue codes allow 
diagonal cursor movement. 


All keys on the keyboard have two repeat speeds (except for the 
special keys mentioned above). Auto repeat is invoked if a key 
is depressed for more than 0.75 second. Auto repeat occurs at 
10 hertz. Manual repeat \s invoked by pressing the desired key 
and simultaneously holding the REPEAT key. Manual repeat occurs 
at 50 hertz. The REPEAT key is also used to generate interrupts 
as part of the Joystick interface. 
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KEYBOARD CABLE PINOUT 


Iia keYboard connects to the CPU over a 26-pin ribbon 
he lines are defined as follows: 


Pin No. ' Function 

\ 

1 RESET to CPU (active low) 

2 ■ Data Bit O 

3 Data Bit 1 

4 Data Bit 2 

5 Data Bit 3 

6 Data Bit 4 

7 Data Bit 5 

8 Data Bit 6 

9 Data Bit 7 

to Data Bit 10 

11 Data Bit 11 

12 Data Bit 9 

13 Data Bit 8 

14 Quiet Lock (kev up * lopic hiph) 

15 LED Strobe (active low) 

16 Kev Strobe (active low) 

17 Host Acknowledse (hiph if CPU readv) 

18 Repeat (low when REPEAT depressed) 

19 Ground 

21 Ground 

23 Ground 

25 Ground 

20 +5 Volts 

22 +5 Volts 

24 +5 Volts 

26 +5 Volts 


cable. 
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KEYBOARD DATA BUS 

Th« keyboard data bus bits are defined as follows* 


Bit Read (keyboard to CPU) Write (CPU to keyboard) 


0 Key Data Bit O 

1 Key Data Bit 1 

2 Key Data Bit 2 

3 Key Data Bit 3 

4 Key Data Bit 4 

5 Key Data Bit 5 

6 Key Data Bit 6 

7 Key Data Bit 7 


LED Select Bit O 
LED Select Bit 1 
LED Select Bit 2 
LED Select Bit 3 
LED Select Bit 4 


LED Switch* l-on» 0-off 


S SHIFT Key (active hish) 

9 CTRL Key (active hish) 

10 Ml Key (active high) 

11 M2 Key (active high) 


V 
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KEYBOARD LED SELECT CODES 


o control an LED on tha karhoard* it is nacessarv to Flaca 
ropar LED salact code on bits 0 thru 4 of the data bus* and 
lit 7 hish to turn the LED on* or low to turn it off. 
•ollouiins table provides select codes for each keyboard LED. 


Key Name Select Code (Hex) 


FI 

01 

F2 

02 

F3 

03 

F4 

04 

F5 

05 

F6 

06 

F7 

07 

F8 

08 

F9 

09 

FIO 

OA 

Fll 

OB 

F12 

OC 

Calc Mode 

OE 

Rubber Band 

OF 

Plot 

10 

Rol 1 

11 

Create 

12 

B1 ink 

13 

Fill 

14 

Overlay 

15 

Cursor On/Off 

16 

2-color LED (Red) 

17 

—color LED (Green) 

18 


Fujo special select codes are provided for direct control of 
-EEis! Select code 00 turns all LEDs off (includins the 2— 
_EEi). Select code IF (hex) turns on all LEEis (except 
2-color LED)* resardless of the state of bit 7. 


the 

set 

The 


al 1 
color 
the 


NOTE: You must wait approximately 100 microseconds 
between successive writes to the keyboard 1 ishts. 
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INTERFACING PERIPHERALS TO THE KEYBOARD PORT 


Soma usars mar wish to intarfaca thair own davicas to tha 
karboard port on tha 7900 CPU card. Anr devica connactad to 
this port should conform to tha cabla wirins spacif ications 
sivan aarliar. In addition* tha followins itams should ba notad? 


If tha karboard davica is powarad br tha suppIy providad on tha 
karboard port* it must draw lass than 1.5 amparas at +5 volts. 


All Tosic lavals on tha karboard bus ara TTL. 


Whan tha karboard davica wishas to prasant data to tha CPU* it 
must provida an activa— low Kar Stroba of 10 to 30 microsaconds. 
Data must ba prasantad on tha bus durins Kar Stroba* and ba 
valid at laast ona microsacond bafora and after Kar Stroba. Tha 
karboard davica must racosniza that while Host Acknowledsa is 
low* tha CPU is unable to receive new data. 


Whan tha CPU wants to write data to tha karboard devica* it will 
sat LED Stroba low. Tha karboard davica must racosniza this 
sisnal as puttins tha karboard bus into a "write" mode. Whan 
LED Stroba is low* tha karboard davica must accept data from tha 
CPU? than* IT MUST STROBE THE KEY STROBE LINE TO INDICATE 
ACCEPTANCE OF DATA. This stroba must also ba 10 to 30 
microsaconds in duration. 


NOTE? To maintain compatibil itr with other 7900 
features* tha karboard davica should provide a means 
for sattins Quiet Lock hish or low (to enable or 
disable tha speaker)* and for sattins Repeat hish or 
low (to enable interrupts from the Jorstick). 
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KEYBOARD TIMING 
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CGC 7900 SYSTEM BUS 


ha 7900 SYstam bus usas tuio connactors» PI and P2. PI is tha 
ain connactor for addrass> data and control linasv intarfacina 
ha CPU to mamorY and paripharals. PI is tha uppar connactor in 
ha digital chassis. 


2 is tha 1 ouiar connactor in tha digital chassis. P2 is usad 
or vidao data and control » including signals usad to control 
ha analog high voltaga supplias. For this raasorn it is 
acoirimandad that P2 ba considarad a rasarvad araa^ for 
hromatics-' usa onW. DAMAGE TO THE SYSTEM COULD RESULT IF USER 
IE VICES ARE CONNECTED TO P2! 


:GC 7900 circuit cards hava tha sama phYsical dimansions as 
•epuirad bY tha Motorola VERSAbus spacif icat ion. Houiavar. tha 
lus arrangemant diffars signi f i cant 1 y <saa tha following pagas). 
,n ganaral » VERSAbus cards MAY NOT ba pluggad diractlY into tha 
iGC 7900 card caga. 
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PI CONNECTOR IDENTIFICATION 


Odd Pin 

No. 

Sisnal 

Evan Pin No. 

Sional 

Comi»on«nt 

Si da 

Nam« 

Circuit Sida 

Nama 

1 


+5V 

2- ■ 

+5V 

3 


GND 

4 

GND 

5 


DOO 

6 

DOl 

7 


D02 

3 

D03 

9 


D04 

10 

DOS 

11 


D06 

12 

D07 

13 


DOS 

14 

D09 

15 


DIO 

16 

Dll 

17 


D12 

IS 

D13 

19 


D14 

20 

D15 

21 


CMOS +5V 

22 

CMOS TRIGGER 

23 


GND 

24 

GND 

25 


LDS* 

26 

UDS* 

27 


GND 

28 

GND 

29 


DTACKa 

30 

AS* 

31 


GND 

32 

GND 

33 



34 

READ/ WRITE* 

35 



36 

AOl 

37 


A02 

33 

AOS 

39 


A04 

40 

AOS 

41 


A06 

42 

A07 

43 


AOS 

44 

A09 

45 


AlO 

46 

All 

47 


A12 

43 

A13 

49 


A14 

50 

A15 

51 


A16 

52 

A17 

53 


AIS 

54 

A19 

55 


A20 

56 

A21 

57 


A22 

53 

A23 

59 



60 


61 

. 

GND 

62 

GND 

63 



64 


65 



66 


67 


GND 

63 

GND 

69 



70 

SYSCLK 
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71 

GND 

72 

GND 

73 

BCSl* 

74 

SYSRESET* 

75 

BCS3* 

76 

BCS2* 

77 

BCS5* 

78 

BCS4* 

79 


80 

BCS6* 

81 

BUSERR* 

82 


83 

FCO* 

84 

FCl* 

85 

FC2* 

86 


87 

IRQl* 

88 

IRQ2* 

89 

IRQ3* 

90 

IR04* 

91 

IRQ5* 

92 

IRQ6* 

93 

IRQ7* 

94 

INTON* 

95 

lACKIN* 

96 

LPEN* 

97 

BGO* 

98 

BINTl* 

99 

BGl* 

100 

BINT2* 

101 

BG2# 

102 

BINTS* 

103 

BG3* 

104 

BINT4* 

105 

BG4* 

106 

BINTS* 

107 

BRQO* 

108 

BRQl* 

109 

BRQ2* 

110 

BRQ3* 

111 

BRQ4# 

112 


113 

BGACK* 

114 

BVPA* 

115 

BVMA* 

116 


117 


118 

ADDRO-7* 

119 

GND 

120 

GND 

121 

~12V 

122 

-12V 

123 

GND 

124 

GND 

125 

+ 12V 

126 

+ 12V 

127 

+ 12V 

128 

+ 12V 

129 

+5V 

130 

+5V 

131 

+5V 

132 

+5V 

133 

-5V 

134 

-5V 

135 

GND (FOR CMOS +5) 

136 

GND 

137 

GND 

138 

GND 

139 

GND 

140 

GND 
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PI SIGNAL DESCRIPTIONS 

D00-D15 (pins 5-20)8 The tristata» bidirectional data bus. 

CMOS +5V (Pin 21)8 SuppIy for CMOS RAM on the CPU card, 
maintained durins power outages bY a batterY. 


CMOS TRIGGER (pin 22)8 Goes low to disable CMOS memorY access 
durins power down and start-up, preventing spurious memorY 
writes. 


LDS* (Pin 25) 

8 Lower 

Data Strobe. 

An 

active 

1 ow. 

tristate 

signal which 

indicates 

a data transfer 

on 

D00-D07. 



UDS* (pin 26) 

8 Upper 

Data Strobe. 

An 

active 

1 ow. 

tristate 

signal which 

indicates 

a data transfer 

on 

D08-D15. 




DTACK* (pin 29)8 Data Transfer ACKnowledse. An active low, open 
collector signal generated bY a peripheral or memory device. It 
indicates acceptance of data durins a write, or that data has 
been Placed on the bus in response to a read. If a non-existant 
memorY location is accessed and DTACK* does not occur, a bus 
error is generated. 


AS* (pin 30)8 Address Strobe. An active low, tristate signal 
luhich indicates that a valid address is present on the address 
lines. 


READ/WRITE* (pin 34)s A tristate signal used to define the type 
of CYcle in progress. This line is hish for a read cycle, low 
for a write cycle. 


A01-A23 (pins 36-58)8 Tristate address bus. Note that the 
lowest bit of the address is simulated bY UDS* and LDS*, for 
S-bit accesses. 


SYSCLK (Pin 70)8 System Clock. This is the highest freauencY 
clock used on the bus, 14.24 MHz in the standard 7900 system. 


BCS1*-BCS6* (Pins 73, 75, 76, 77, 78, 80)s Bus Chip Selects. 
Active low outputs from the CPU used to select certain areas of 
memorY. See "System Memory Map. '* 


SYSRESET* (pin 79)s System Reset. An active low, open collector 
signal used to reset the system. It may be generated by the 
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rocessor or bv axternal devicas. This line is held low during 
ciujer— UP. 


JSERR* (pin 81 >s Bus Error. An active low? open collector line 
hich is pulled low in the event of a catastrophic svstem 
ailure. The 7900 uses this for memorv parity error. 


CO*- FC2-* (pins 83-85) s Function Code. Active low* tristate 
ines which indicate the state of the bus master* such as 
hether an interrupt acknowledge cycle is in progress. 


RQ1*-IRQ7* (pins 87-93)* Interrupt Request. Open collector* 
ctive low lines which may be pulled low by peripherals to 
epuest an interrupt. IRQ7* is highest priority and is used 
iuring Power-up. 


NTON* (pin 94): Interrupt On CPU. Active low signal which 
ndicates one of the 16 interrupts on the CPU card is pending. 
;hould be tested by secondary bus masters* to allow them to 
■elease the bus if an interrupt is waiting for service. 


ACKIN* (pin 95)* Interrupt Acknowledge In. Active low signal 
ihich indicates the CPU is fetching an interrupt vector. 


.PEN* (pin 96)* Light Pen Interrupt. Active low* open collector 
>ignal asserted by the Light Pen logic when a hit is detected. 


?G0*-BG4* (pins 97* 99* 101* 103* 105)* Bus Grant. Active low 
signals which inform a device that it may become the bus master, 
[ssued by the CPU in response to Bus Request. All tristate 
signals will go to a high impedance at the end of the bus cycle 
in which a Bus Grant is asserted. 


BINT1*-BINT5* (pins 98* 100* 102* 104* 106)* Bus Interrupt, 
s^ctive low* open collector signals which allow peripherals to 
interrupt the CPU card. See "Interrupt Mask" for details. 


BRGlO*-BRQ4* (pins 107-111)* Bus Request. Active low* open 
collector signals used by secondary bus masters to gain access 
to the bus. BRQ4* is highest priority. 


BGACK* (pin 113)* Bus Grant Acknowledge. Active low signal 
asserted by the secondary bus master when it has assumed control 
of the bus. 



CGC 7900 


Pr« 1 i mi narv OEM Manual 


Paae 74 


BVPA* (pin I14)s Bus Valid Peripheral Address, Active low 
sisnal which informs the CPU that an MC6S00 peripheral device is 
responding to the current bus cvcle. 


BVMA* (Pin 115)8 Bus Valid Memory Address. Active 1ow» tristate 
line which is asserted in response to BVPA*. Used to 
synchronise MC6800 peripherals. 


ADDRO-7*' (Pin 118)8 Addresses 0-7 in use. Active low sisnal. 
asserted when memory locations 000000 thru 000007 are beins 
accessed. Used durins power-up to disable RAM and enable EPROM. 


GND (for CMOS +5) (pin 135) s This is the supply return for the 
CMOS battery power. It should not be used for normal sroundina 
purposes. 
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P2 CONNECTOR 

IDENTIFICATION 


Odd Pin No. 

Sisnal 

Even Pin No. 

Sianal 

Component Side 

Name 

Circuit Side 

Name 

1 

around 

2 

around 

3 

around 

4 

around 

5 

around 

6 

around 

7 , 

+5V 

8 

+5V 

9 ^ 

+5V 

10 

+5V 

11 

+ 12V 

12 

+ 120 

13 


14 


15 

IBITO 

16 

IBITl 

17 

IBIT2 

18 

IBIT3 

19 

PWO 

20 

R# 

21 

CSF* 

22 

CSB* 

23 

PWE 

24 

PSEL* 

25 

VMO 

26 

VMl 

27 

VM2 

28 

VM3 

29 

VLC 

30 

VDEO* 

31 

VDEl* 

32 

IBSEL 

33 

VBOO 

34 

VBOl 

35 

VB02 

36 

VB03 

37 

VB04 

38 

VB05 

39 

VB06 

40 

VB07 

41 

VB08 

42 

VB09 

43 

VBIO 

44 

VBtl 

45 

VB12 

46 

VB13 

47 

VB14 

48 

VB15 

49 

VB16 

50 

VB17 

51 

VB18 

52 

VB19 

53 

VB20 

54 

VB21 

55 

VB22 

56 

VB23 

57 

VB24 

58 

VB25 

59 

VB26 

60 

VB27 

61 

VB28 

62 

VB29 

63 

VB30 

64 

VB31 

65 

VB32 

66 

VB33 

67 

VB34 

68 

VB35 

69 

VB36 

70 

VB37 



CGC 7900 


Pr«1 itninarY OEM Manual Pa^a 76 


7t 

VB33 

72 

VB39 

73 


74 


75 

BLINK 

76 

OLC 

77 

IVLC 

78 

PSW* 

79 

LBNK* 

80 

RAl 

81 

RA2 

82 

RA3 

83 

RA4 

84 

RA5 

85 

RA6 . 

86 

WU* 

87 

WL* 

88 

BIT* 

89 

CSE 

90 

EP* 

91 


92 

LXZ* 

93 

MRAS* 

94 

VERT* 

95 

RFSH* 

96 

OMEM* 

97 

MCAS* 

98 

CROLL* 

99 

RAS* 

lOO 

CAS* 

101 

around 

102 

around 

103 

CH 

104 

HO 

105 

VMUX 

106 


107 

RCO 

108 

RCl 

109 

RC2 

no 

RC3 

111 

RC4 

112 

RC5 

113 

RC6 

1 14 


115 


116 


117 


118 

J4M 

119 

-5V 

120 

-5V 


\ 
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P2 SIGNAL DESCRIPTIONS 


BIT0-IBIT3 (pins 15-18)5 Thasa Tinas hold a 4-bit numbar usad 
o salact ona of 16 planes (in Plana Mode) or one of 16 bits (in 
Mode)? accordins to the state of IBSEL. 


’WO (pin 19)5 Plana Write Override. Keeps Plane Select latches 
•rom affectine memorv accesses in Plane Mode. This line is hish 
»hen Plane Mode addresses are used. 


t* (pin 20)5 Read (active low). 


.'SF*. CSB* (pins 21 and 22) s Color Status Forearound and 
Jackaround strobes. These lines strobe information into the 
iiolor Status latches. 


=^WE (pin 23)5 Plane Write Enable. This line enables Plane Mode 
access to memorv when low? and Z Mode or Color Status Mode when 
■liah. When asserted? this line overrides the IBIT lines. 


^SEL* (pin 24)5 Plane Select strobe. This line strobes 
information into the Plane Select latch (1 bit per plane). 


OMO— VM3 (pins 25—28)5 Video Mux select. Selects which 4 bits 
are currently beine brouaht out on VB00-VB39 for display. 


VLC (pin 29)5 Video Latch Control. This line strobes data from 
video RAM into latches? prior to bit selection by VM0-VM3. 


VDE0*-VDE1* (pins 30-31)* Video Data Enable. One of these two 
lines will be low? determinina whether imaae planes 0-7 or 8-15 
are currently beina displayed. 


IBSEL (pin 32)5 Selects Bit (Z mode) or Plane mode access to 
imaae memory. 


VB00-VB39 (pins 33-72)* Video Bus. Data from video RAM is 
brouaht out on these lines? 4 bits at a time? from each of 10 
possible planes. (Note* only 8 planes? 0 thru 7? are currently 
supported by the CGC 7900.) Each of these lines is named in the 
form VBbp? where b is the bit number (0-3) and p is the plane 
number (0—9)? of the data on the line. 


BLINK (pin 75) s A 1.9 Hz blink sianal used to blink information 
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from imaaa memory. 


01.C <pin 7&)| Output Latch Control. This line strobes data out 
of image memory when the CPU wishes to read from image memory. 


IVLC <pin 77) s Internal Video latch Control. This line strobes 
data from image RAM into ''holding" latches, prior to the latches 
strobed by VLC. 


PSW* (pin 78)s Plane Video Switch. This line strobes data into 
the Plane Switch latches, to determine which planes are fed to 
the Color Lookup Table for display. 


LBNK* (pin 79) s Load Blink Select. This line strobes data into 
the Blink Select latches, to determine whether the data from 
each plane will blink (be masked to zero) at the rate set by 
BLINK. 


RA1-RA6 (pins 80— S5)s RAM Address. In Z Mode. these lines 
select a pixel to be read or written. In Plane Mode. they 
choose one 16— bit word from the 64— bit internal data bus of the 
RAM card. 


WU-s. WL* (pins 86-87) s Write Upper/Write Lower. Active low 
signals formed by gating UDS* and LDS* with the Write line. 


BIT* (pin 88)s Bit mode. Active 1 oui signal indicating a Bit 
mode (Z mode) access is in progress. 


CSE (pin 89): Color Status Enable. This signal allows the Color 
Status addressing mode to become active. 


EP* (pin 90): Reserved for future use (hardware erase— page 
function). 


LXZ* (pin 92): Load X Zoom. This active low signal strobes a 
4-bit number into the X Zoom register on the Color Lookup card. 


MRAS*. MCAS* (pins 93 and 97): Memory Row Address Strobe and 
Column Address Strobe. These RAM control lines are used during 
CPU ,, accesses. 


VERT* (pin 94): Vertical Retrace. This line is low during the 
vertical retrace blanking interval. 
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fFSH* (pin 95): Rafresh. This signal is usad during mamorv 
•afrash cYclas. 


)MEM* (pin 96): This signal pra— dacodas soma of the CMOS addrass 
>pa,ca for vidao harduiara latchas. 


I:R0LL* (pin 98): Charactar Roll stroba. This stroba loads tha 
jivarlar Roll Countar latch. 


RAS*'. CAS* (pins 99 and 100): Row Addrass Stroba and Column 
Addrass Stroba. All othar mamorv control lines ara darivad from 
bhasa two signal s? which ara alwavs prasant ragardlass of tha 
bvpa of mamorv cvcla in prograss. 


r:H (pin 103): Charactar Horizontal. This signal anablas tha 
fatch of data for vidao displav. It is advanced from HG to 
compansata for dalavs in fetching pixel data thru the Color 
Lookup Table. 


HG (pin 104): Horizontal Gate. This is tha horizontal svnc 
signal . 


VMUX (pin 105): Vidao Mux. This clock runs tha counters whose 
outputs appear on VM0-VM3. 


RCO— RC6 (pins 107—113): Row/Column addresses. These lines 
contain tha addresses of whatever image mamorv is being 
accesses* in tha matrixad form reauirad bv dvnamic RAM. 


t4M (Pin 118): The 14.24 MHz master clock. SYSCLK on PI is 
svnchronizad to this signal* however its Phase is different due 
to propagation dalavs. 
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SYNC SIGNALS 


hi« CGC 7900 U5«s interlaced scan. Odd-numbered raster lines 
re scanned durins one field* and even-numbered lines are 
canned durins the next field. The fields are svnchronized to 
he 60— CYcle power line* so each field lasts 1/60 second* and it 
akes 1/SO second to display an entire frame. Interlacins is 
chieved by delaying the start of vertical sweep on odd fields. 


he display scans 768 lines* with 1024 pixels per line. Each 
ixel is scanned for 35.11 nanoseconds. Three S-bit 
igi tal -to— anal og converters receive red* green and blue data 
rom the Digital Chassis and convert this data into three video 
isnals. RGB video output is available. 


U1 of the following signals are available at the Analog 

Chassis* behind the CRT tube of the 7900. All sync signals are 
lifferential TTL* and may be received with Advanced Micro 

-levices AM26LS33 or equivalent. Note that the polarity of the 
'eceived signal may be altered to suit your equipment by 
swapping the input lines to the receiver. Sync signals are 
Found at J6* a 10— pin right-angle connector near the front 

corner of the Deflection Module. It is suggested that a Y-cable 
arrangement be used to feed these signals into the 7900 and the 
J5er''5 equipment. 


NOTE: To prevent possible damage to the CGC 7900* 
insure that J6 is properly connected BEFORE applying 
power to the system. External devices connected to J6 
must NOT impair the normal sync signals at this 
connector ! 


<1) Clock: J6 Pins 4 and 9 (red/black pair). A 1.78 MHz square 
wave* from which all other syncs are derived. When video is 
active* 16 Pixels are scanned during each cycle of this clock. 


(2) Horizontal Reset: J6 pins 2 and 7 (yel 1 ow/black pair). The 
sync signal which triggers each horizontal line. Video begins 
912.9 nanoseconds after Horizontal Reset goes high. 
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(3) Vertical Releasax J6 pins 1 and 6 (sreen/black pair). The 
svnc signal uihich triggers vertical sweep* and inhibits sweep at 
the proper times to provide interlace. On even fields* this 
signal rises simultaneously with a Horizontal Reset rising edge. 
On odd fields* it is delayed by 20.79 microseconds for 
interlace. The falling edge of this signal is triggered by 
power line frequency <60 hertz). 


<4) Analog Videos These three signals are available on the Video 
Amplifier card* on the back wall of the Analog Chassis. PI 
provides green* P2 is blue* and P3 is red. These signals should 
be received by a SO-ohm coaxial cable in each of the connectors. 
For best results* a SO-ohm load should be provided at the user's 
end of the cable. The voltage levels at each of these 
connectors ares zero for black* minus one volt (nominal) for 
maximum intensity. This level may not be adjusted without 
disturbing the 7900 video alignment. 
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HORIZONTAL TIMING 
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VERTICAL TIMING 


1 
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CONFIGURING BUFFER MEMORY CARDS 


h« two rotary switches on the edse of the Buffer Memory card 
etermine the card^s address. To set up a card* perform the 
ollowins steps: 


. Determine what the memory address of the card should be. 
me card must have address 000000* and if other cards are 
nstalled* they will normally have consecutive addresses 
ol lowing the first card. Consult the table below to see what 
witch settings correspond to the card's desired memory address. 


NOTE: The 7900 memory map reauires that Buffer Memory 
cards be addressed below 800000. 


NOTE: All possible memory addresses reauire that the 
first switch be set to a number between 0 and 7. THE 
SYSTEM WILL FAIL if The left-hand switch on the card 
is set to 8 or higher! 


Arrange the card so that the component side is up* and the 
jold edge connector is pointing away from you. The two rotary 
switches should now be visible on the right side of the Garde's 
'ear edge. 


?. Using a small screwdriver* set the two switches so that the 
irrow on the left switch is pointing to the first digit of the 
-eauired setting* and the arrow on the right switch is pointing 
to the second digit. For example* if you are installing a card 
it address 020000* the table says that the correct setting is 
>1. Set the left switch to 0 and the right switch to 1. 


(Some switches may not be marked at the odd numbered 
positions. If yours is not* assume that position 1 
lies halfway between 0 and 2* and so on.) 
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BUFFER MEMORY CARD ADDRESS SELECTION 


Switch 

MamorY 

Switch 

MemorY 

Switch 

MamorY 

Position 

Addrass 

Position 

Address 

Position 

Addras! 

00 

000000 

2C 

580000 

58 

BOOOOO 

01 

020000 

2D 

5AOOO0 

59 

B20000 

02 

040000 

2E 

5C0000 

5A 

B40000 

03 

060000 

2F 

5E0000 

SB 

B60000 

04 

080000 

30 

600000 

5C 

B80000 

05 

OAOOOO 

31 

620000 

5D 

BAOOOO 

06 

OCOOOO 

32 

640000 

5E 

BCOOOO 

07 

OEOOOO 

33 

660000 

5F 

BEOOOO 

08 

100000 

34 

680000 

60 

COOOOO 

09 

120000 

35 

6A0000 

61 

C20000 

OA 

140000 

36 

6C0000 

62 

C40000 

OB 

160000 

37 

6E0000 

63 

C60000 

OC 

180000 

38 

700000 

64 

C80000 

OD 

lAOOOO 

39 

720000 

65 

CAOOOO 

OE 

ICOOOO 

3A 

740000 

66 

CCOOOO 

OF 

lEOOOO 

3B 

760000 

67 

CEOOOO 

10 

200000 

3C 

780000 

68 

DOOOOO 

11 

220000 

3D 

7A0000 

69 

D2000O 

12 

240000 

3E 

7C0000 

6A 

D40000 

13 

260000 

3F 

7E0000 

6B 

D60000 

14 

280000 

40 

800000 

6C 

D80000 

15 

2A0000 

41 

820000 

6D 

DAOOOO 

16 

2C0000 

42 

840000 

6E 

DCOOGO 

17 

2E0000 

43 

860000 

6F 

DEOOOO 

18 

300000 

44 

880000 

70 

EOOOOO 

19 

320000 

45 

8A0000 

71 

F20000 

lA 

340000 

46 

8C0000 

72 

E40000 

IB 

360000 

47 

8E0000 

73 

E60000 

1C 

380000 

48 

900000 

74 

E80000 

ID 

3AOOOO 

49 

920000 

75 

EAOOOO 

IE 

3C0000 

4A 

940000 

76 

ECOOOO 

IF 

3E0000 

4B 

960000 

77 

EEOOOO 

20 

400000 

4C 

980000 

78 

FOOOOO 

21 

420000 

4D 

9A0000 

79 

F2000O 

22 

440000 

4E 

9COOOO 

7A 

F40000 

23 

460000 

4F 

9EOOOO 

7B 

F60000 

24 

480000 

50 

AOOOOO 

7C 

F80000 

25 

4A0000 

51 

A20000 

7D 

FAOOOO 

26 

4COOOO 

52 

A40000 

7E 

FCOOOO 

27 

4E0000 

53 

A60000 

7F 

FEOOOO 

28 

500000 

54 

A80000 



29 

520000 

55 

AAOOOO 



2A 

540000 

56 

ACOOOO 



2B 

560000 

57 

AEOOOO 
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CONFIGURING IMAGE MEMORY PLANES 


!ach Image Memerv plane is assigned a unique number* from 0 to 
5, 'Tuio Planes in a system may NOT have the same number 
ssigned. 


. Arrange the Image Memory card so that the component side of 
he card is facing you* and the sold edge connector is to the 
•isht. Locate the rotary switch* in the lower left corner of 
.he board. The switch has a slot* which is facing down (towards 
'ou>. On this side of the switch is also an arrow* which will 
►oint to one of 16 positions around the switch. 


?efer to the following table* and use a small screwdriver to 
turn the slot until the arrow points to the proper position for 
rour card. 


Image Plane Number Switch Position 


0 0 

1 1 

2 2 

3 3 

4. .4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 A 

11 B 

12 C 

13 D 

14 E 

15 F 


The odd numbered positions on the switch may not be labeled. If 
not* assume that position 1 lies halfway between O and 2* and so 



I 
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2. Again* arrange th« card so that th.« 9oTd edge connector is 
to the right. Locate the two vertical rows of Pins near the 
center of the right edge. Refer to the following chart* and 
place one (i) Jumper on one of the pairs of pins* to select the 
desired plan# number. Remove anv other Jumpers on these two 
rows of Pins. 



• 0.15.0 


o. 14. o 


0.13.0 


o. 12 . 0 


0.11.0 


o.lO.o 

o. . 7. o 

o. . 9. o 

o . . 6 . o 

o. . 8. o 

o . . 5 . o 

o. . 4. o 

o. . 3. o 

o . . 2 . 0 

o. . 1 . o 

o. . 0. o 

Jumper 


Jumper J1 


V 
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J. Locate the two vertical rows ot pins near the lower risht 
:orner of the card. Refer to the folowins chart? and place one 
;i) Jumper on the pair of pins marked "0-7”? or on the pair 
rtarked *’8-15’*» depending on which of these ranges includes the 
iesired plane number. 


Jumper J3 


Jumper J4 


o 

o 





o 

0 

o 

0 





o 

o 

o 

o 





o 

o 

o 

o 





0 

0 

o 

o 





o 

0 

o 

o 





o 

o 

0 

o 





0 

o 

o 

o 





0 

o 

o 

o 





o 

0 

o 

o 





o 

0 

o 

o 





0 

o 

o 

o 





o 

o 

«:• 

o 





o 

o 

o 

o 





o 

0 

o 

0 





o 

o 

o 

o 





0 

o 

o 

o 





o 

o 

o 

o 





o 

o 

o 

Cl 





o 

0 

o 

o 





o 

o 


o 


o 


O 


7 



4 
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/ #• Noi#i» if th# dasirad Flan# number is sreater than 7f subtract 
eisht frofii it» Thust plan# 8 becomes 9 becomes 1» and so on, 
(If YOur pfane number is less than 8» do not alter it.) Refer 
to^ the- f ol 1 ouiins tabl e^ and place four (4) Jumpers on pairs of 
Pins marked with the plane number you have Just calculated. 


.lumf»er J3 
o o 
o. .7.0 
o. . 5 o 
o. • 3. o 
o. . 1 « o 
o o 

o . . 7 . o 
0..5.0 
o . . 3 ■ o 
o • . 1 « o 
o o 

o , . 7 . o 
o . • S . o 
o. . 3. o 
o . • X • o 
o o 

o . .7.0 

0 mm 5 • O 

d. .3. o 

o . . JL « o 


Jumper J4 
o o 

o • . 6.0 
o. . 4 . o 

O a . 2.0 

o. . 0 . o 
o o 

O ' a a a O 

O a a 4 a O 
O a . 2.0 
O a a 0 a- O 
O O 

O a . 6.0 
O a • 4 a O 
O. a 2 . O 
0 .. 0.0 

o o 

O a . 6.0 

o. . 4.0 

O a a 2 a O 
O • a 0 a O 


o 


o 
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IMAGE MEMORY CONFIGURATION JUMPERS 
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